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CONTROLLED RELEASE AGENT 
FOR CETYLPYRIDINIUM CHLORIDE 

This invention relates to controlled release 
of cetylpyridinium chloride and more particularly 
to a complex formed between cyclodextrin and 
cetylpyridinium chloride and the use of the complex 
as a controlled release agent for c-etylpyridinium 
chloride . 

Cetylpyridinium chloride, also known as 1-hexadecyl- 
pyridinium chloride, is a well-known antimicrobial 
agent which is widely used as an antiseptic and 
disinfectant. 

A major drawback to the use of cetylpyridinium 
chloride is its water solubility. Cetylpyridinium 
chloride is highly water soluble and rapidly dissolves 
in water. When applied to a wound, normal perspiration 
and contact with water by bathing or washing tends 
to remove the cetylpyridinium chloride from the treated 
area fairly rapidly. This requires frequent 
reapplication. It is highly desirable to have a 
means to control the release of cetylpyridinium 
chloride especially in aqueous environments such 

as human skin. 

Applicants have now discovered that a complex 
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of cetylpyridinium chloride and cyclodextrin acts 
as a controlled release agent for cetylpyridinium 
chloride. Such a complex provides a means for the 
controlled release of cetylpyridinium chloride to 
its surrounding environment. The controlled release 
agent of the present invention is formed with 
cetylpyridinium chloride and a cyclodextrin, a 
modified cyclodextrin or a cyclodextrin polymer. 

The use of cyclodextrin polymers as a filter 
L0 for various components is known. Cyclodextrin polymers 
are disclosed in U.S. Patent Nos. 3,472,835; 4,274,985; 
and 4,357,468. The '835 patent teaches a cyclodextrin 
polymer as a filter from a vapor phase. The '985 
patent discloses a cyclodextrin-polyvinyl alcohol 
15 polymer for use as a filter for nicotine 

(l-methyl-2-(3-pyridyl) pyrrolidine) from cigarette 

■ „ „....,. T he '468 patent uses 
smoke and for benzene in wa.er. xne r 

a cyclodextrin-cellulose polymer for use as a filter 
for benzene, phenol, cresol in aqueous solutions, 
20 and tar and nicotine from cigarette smoke. These 
patents relate to removing simple, single aromatic 
compounds . 

It was. truly surprising that a complex of 
cetylpyridinium chloride and cyclodextrin acts as 
25 an agent for the controlled release of cetylpyridinium 
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chloride because cetylpyridinium chloride is so highly 
soluble in water. It was also unexpected that 
cetylpyridinium chloride forms a complex in a 
cyclodextrin. Cetylpyridinium chloride contains both 
an aromatic portion (pyridinium portion) and an 
aliphatic portion "(cetyl chain) which mares the 
formation of a complex between the cetylpyridinium 
chloride and cyclodextrin unexpected. 

Fig. 1 illustrates the controlled release of 
cetylpyridinium chloride using the complex of the 

present invention. 

The use of the complex of the present invention 
permits a lower initial dosage of cetylpyridinium 
chloride and a decrease in need for repeated 
treatments of cetylpyridinium chloride in order 
to maintain a level of antimicrobial activity. 

Cyclodextrins also called "Schardinger Dextrins" 
are cyclic oligosaccharides composed of glucose units 
bonded together by alpha 1,4 bonds. The six mcmbered 
ring structure is called alpha-cyclodextrin , the seven 
rnembered ring is beta-cyclodextrin and the eight 
membered ring is gamma-cyclodextrin. The 
cyclodextrins have different chemical and physical 
properties from the linear ologosaocharides derived 
from starch in that they are non-reducing dextrins. 
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. As t . al sc well-Known, cyclodextrins are produced 
from starch of any selects plan, variety such as 

mo aified or un*oa ifi ea starch aerived £ ront cerea! 
. ot tuber origin and the ariose or a»ylopectin 
' f actions thereof. The selected starch in aqueous 

slu rry at selectea concentration up to about 35* by 
slurry a „ ela tinization 
„eight .olid, is usually Uquefred .. by g 
or treatment with a liquefying en^e ^ « 
0 hacterial a!pha-a m ylase en^e and then sublet to 
0 tre at m ent with a cyclodextrin glucosyl transferases 

x m t-ViP cvclodextrins . 
enzyme ( CGT ) to form the cyci 

+ of the individual alpha, beta and 
The amount of tne iij^j- 

• e nrodU ced by treating the starch 
gamiaa-cyclodextrins produced y 

a „ nl vary depending on the 
with the CGT enzyme will vary 
15 h selected CGT enzyme and processing 

selected starcn, selec.ea 

conations. The para,eters to select for the C.T 
en2ym e conversion for the desired result in 
a ,.ount of each individual cyclode.trin to he 
20 produced is conventual and well-described 

^terature. ^ ^ 

Conventionally/ tne 
is ..aintaine, below about 20 «. the starch so ^ 
■ ,- s b o low about 35% by weight, the pB 
concentration is b.lov « s at a selected 

25 £or conversion *ay be about to 8.5 at 
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temperature from ambient and up to about 75 6 C for 
a selected period of time typically from about 10 
hours up to seven days and more. The amount of CGT 
enzyme used for conversion is conventional and 
well-Jcnown in the art. 

-Separation and -purification of -the cyclodextrin 
thus obtained is conventional and well-known to those 

of skill in the art. 

The preferred cyclodextrin for use in the present 
invention is beta-cyclodextrin because of its relative 
availability and relative low cost, but any 
cyclodextrin or mixture of cyclodextrins can be used 
to form the polymer. 

Formation of the cyclodextrin polymer is carried 
out in a conventional manner. Suitable means include 
reacting the cyclodextrin with a cross-linking agent 
to form a cyclodextrin polymer. A suitable means 
for performing such a reaction to form beads of the 
cyclodextrin polymer is disclosed in an article 
written by Wiedenhof et al. in Vol. 21 at page 119 
of Die Starke 1969. Typically, a dry cyclodextrin 
is wetted with water and then dissolved in a basic 
solution, typically 30% sodium hydroxide. To this 
is added sodium borohydride to prevent the 
cyclodextrin from oxidizing This aqueous solution 



is added to a solvent such as methyl isobutyl ketone 
containing a surfactant such as polyethoxylated octyl 
phenyl ether. The mixture is then stirred to form 
an emulsion of cyclodextrin solution in the solvent. 
The cyclodextrin is the disperse phase and generally 
in small particle-like cells. To this emulsion, a 
cross-linking agent is added in an amount sufficient 
to allow the cyclodextrin to form a cross-linked outer 
surface and preferably enough to allow the cyclodextrin 
to become a cross-linked bead. Typically, about 34% 
molar excess of cross-linking agent is added based 
on the moles of cyclodextrin in the emulsion i.e. 
34 moles of cross-linking agent per one mole of 
cyclodextrin. In this manner water-insoluble beads 
of cross-linked cyclodextrins are formed. Suitable 
cross-linking agents include epichlorohydrin , 
trimetaphosphate, phosphorous oxy chloride and 
butandiol diglycidyl ether. Preferably etherifying 
cross-linking agents are used such as epihalohydrins 
like epichlorohydrin and epibromohydrin or 
di-epoxide compounds. The size of the beads can be 
adjusted to any conventional size depending on the 
final use of the controlled release agent of the 
present invention . 

Other conventional means of forming a polymer 



with cyclodextrins are possible; however, commercially 
for such purpose the formation of water-insoluble 
beads as described above is preferred. 

Another method of forming a cyclodextrin polymer 
is to use already formed polymers as a backbone and 
onto that backbone attach cyclodextrins. The backbone 
and attached cyclodextrins may be insoluble in water 
just as the cross-linked beads of cyclodextrins are. 
Suitable backbones are polyurethane , cellulose, 
polyvinyl alcohol and polystyrene derivatives. In 
such instances, the cyclodextrin is preferably 
covalently bonded to the backbone. The method for 
forming a cyclodextrin polymer on a backbone of 
another, already formed polymer is conventional 
and accomplished' in a conventional manner. 

Formation of modified cyclodextrin is carried 
out in a conventional manner. The only requirement 
is that the cavity of the cyclodextrin does not 
become too restricted or capped to prevent use of 
the modified cyclodextrin as a controlled release 
agent with cetylpyridinium chloride. Modified 
cyclodextrin includes hydroxypropyl and hydroxyethyl 

cyclodextrins . 

In order to form a complex between 
cetylpyridinium chloride and a cyclodextrin whether 
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the cyclodextrin is in the form of a cyclodextrin 
molecule, a modified cyclodextrin or a cyclodextrin 
polymer, a mixture of cyclodextrin molecules and 
cetylpyridinium chloride is formed in water and 
5 stirring for a period of time sufficient to form the 
complex. The complex is then removed from the water 
and dried. The dried complex is then ready for use. 

The amount of cetylpyridinium chloride to 
cyclodextrin molecule in the solution is about %:1 

10 to about 4:1 molar ratio of cetylpyridinium chloride: 
cyclodextrin molecules and more preferably about 1^:1 
ratio of cetylpyridinium chloride: moles cyclodextrin 
molecules. The term cyclodextrin molecules is used 
because the formation of the complex between 

15 cyclodextrin and cetylpyridinium chloride depends 

on the number of available cavities. There are more 
cavities available in a mole of cyclodextrin polymer 
than in a mole of cyclodextrin. 

The addition of the' cetylpyridinium chloride 

20. to the mixture can be either in solid form or in 
an aqueous solution. Preferably, when the 
cetylpyridinium chloride is added to a solution of 
modified cyclodextrin or cyclodextrin, it is added 
as an aqueous solution, while when it is added to 

25 a polymer of cyclodextrin, it is added as a solid. 
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The mixing of the cyclodextrin and 
cetylpyridinium chloride is conducted in a 
conventional manner using conventional equipment. 
In forming the mixture with cyclodextrin molecules, 
5 it has been found that preferably the temperature 
.of -the mixture is elevated above room temperature 
and preferably the temperature of the cyclodextrin 
and cetylpyridinium chloride mixture is maintained 
at about 85°C. To remove the complex from the 
10 mixture then the mixture is cooled and the complex 
precipitates out of solution. The mixing of the 
polymer and cetylpyridinium chloride is preferably 
carried out at room temperature. 

The pH of the mixture is between about 3 to 
15 about 12 and preferably about neutral. The P H can 
be adjusted in a conventional manner. 

The period of time sufficient to form a complex 
between a cyclodextrin and cetylpyridinium chloride 
varies with the form of the cyclodextrin. It has 
20 been found that when cyclodextrin molecules are used, 
about 3 to about 5 hours of mixing between the 
cyclodextrin and the cetylpyridinium chloride at a 
temperature of about 85 °C produces good results. 
With a polymer of cyclodextrin, good results have 
25 been obtained after about 12 to about 16 hours of 
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mixing at room temperature. 

in forming a solution of cyclodextrin molecules 
with cetylpyridinium chloride, good results have 
been obtained when a slurry of cyclodextrin molecules 
5 is formed at about 35% solids. 

Recovery of the complex formed between the 
cyclodextrin molecules and cetylpyridinium chloride 
is accomplished preferably by allowing the solution 
to cool to room temperature which causes the complex 
10 to precipitate out of solution. Removal of the 
precipitate is done in a conventional manner. 

Recovery of the complex formed between the 
cyclodextrin polymer and cetylpyridinium chloride 
is accomplished by filtering the polymer which is ■ 
15 typically insoluble from the solution in a 
conventional manner . 

Drying the recovered complex is done in a 
conventional manner. Good results have been 
obtained by air drying the complex. 
20 Use of the complex is accomplished by 

incorporating the complex in a lotion or salve for 
treatment of a wound or other area. It is also 
possible to incorporate the complex in a bandage 
such that the cetylpyridinium chloride is released 
25 to the effected axea in a controlled manner. 




-11- 



incorporation of the complex into a bandage allows 
for the slow release of cetylpyridinium chloride 
to the damaged area. 

Further details of the present invention will 
5 be understood by reference to the following 

examples .which illustrate several embodiments of 
the present invention. 

EXAMPLE 1 

This example illustrates the making of a polymer 

10 of cyclodextrin. 

A dry beta-cyclodextrin which was made in a 
conventional manner, was cross-linked with 
epichlorohydrin to form beads of water-insoluble 
cyclodextrin polymer. In order to form the beads, 
15 100 grams of dry beta-cyclodextrin was wetted by 
adding 10 0 ml of water to the cyclodextrin. The 
wetted cyclodextrin was then added to 160 grams of 
30% NaOH. To this was added a small amount, 
200 milligrams, of sodium borohydride to prevent th* 
20 cyclodextrin from oxidizing. This mixture was added 
to 3.5 liters of methyl isobutyl ketone as a 
reaction medium along with 20 mis of polyethoxy lated 
octyl phenyl ether, a well-Known surfactant. The 
mixture was then stirred and an emulsion formed. 
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The cyclodextrins were in the disperse phase of the 
emulsion. This mixture was then equilibrated by 
stirring vigorously for five minutes. 

After equilibration, the emuision, a molar 
i ratio of 34 parts of epichlorohydrin per one part 
of cyclodextrin, was added and the cyclodextrin 
was cross-linked to form a water-insoluble 
cyclodextrin-containing polymer bead. The beads 
were recovered by filtering the reaction mass. 

EXAMPLE 2 

This example illustrates the formation of a 
complex between beta cyclodextrin and 
cetylpyridinium chloride. 

To a vessel containing 55 ml of water, 57.26 
15 grams of a beta cyclodextrin was added. The 

temperature in the vessel was maintained at around 
85 °C and 15.55 grams of an aqueous solution of 
cetylpyridinium chloride monohydrate was added 
dropwise to the solution of cyclodextrin and 
20 water. The solution of cetylpyridinium chloride 
monohydrate was prepared by adding 15.5 grams of 
solid cetylpyridinium chloride monohydrate to 50 ml 
of water. The P H of the solution was maintained 
around 7. After about 3 to 4 hours, the solution 
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was allowed to cool to room temperature so that a 
precipitate formed. The precipitate was collected 
on filter paper and air dried. 

In this manner a complex was formed in 
accordance with the present invention. 

EXAMPLE 3 

This example illustrates making a complex with 
a polymer of beta cyclodextrin and cetylpyridinium 
chloride . 

In a vessel containing 25.16 grams of deionized 
water, 50.55 grams of a polymer of cyclodextrin in 
the form of insoluble beads was added to form a 
slurry. To this slurry was added 15.97 grams of 
solid cetylpyridinium chloride monohydrate and the 
mixture was stirred for five days. Throughout the 
mixing step the temperature was room temperature, 
about 20°C. The pH was neutral. The polymer was 
transferred to a sintered glass funnel and dried 

in the funnel. 

It will be appreciated that the cyclodextrin 

polymer was insoluble in water and that when 

stirring was discontinued the beads fell under 

gravity to the bottom of the container. 

In this manner a complex was formed in 



accordance with the present invention. 



EXAMPLE 4 

To illustrate" the control release aspect of 
the present invention, a Beckman Spectrophotometer 
was modified to contain a flow-through cell in 
accordance with direction from the Beckman Company. 
This allowed for continuous readings of light 
absorbence to determine the amount of 
cetylpyridinium chloride in an aqueous solution 
containing the complex of the present invention. 

The complexes formed in Examples 2 and 3 were 
tested against the mere addition of cetylpyridinium 
chloride as a solid to" water to determine the rate 
at which cetylpyridinium chloride goes into 
solution. Cetylpyridinium chloride has a distinct 
U.V. absorbence spectrum. Figure 1 illustrates the 
various rates at which cetylpyridinium chloride 
dissolved in solution. Time is the horizontal axis 
and absorbence measured by the spectrophotometer is 
the vertical axis. From the zero point in time it 
can be seen that in about 90 seconds the solid 
cetylpyridinium chloride was completely dissolved. 
With respect to the complex of Example 2, after 

j„ aii fhe cetylpyridinium chloride 
about 230 seconds all the cetyj-py 



was dissolved from the complex. This is a decrease 
of about 2h times the rate at which non-complexed 
cyclodextrin dissolves. With respect to the 
complex of cetylpyridinium chloride and 
cyclodextrin polymer, Example 3, even after 
420 seconds, not all of the cetylpyridinium 
chloride had dissolved. This shows a decrease 
of over five times the rate at which 
cetylpyridinium chloride dissolves. 

The steep rise of absorbence in the first 
few minutes with respect to the complex of the 
present invention are thought to be due to the 
presence of cetylpyridinium chloride on the 
surface of the complex. This provides an 
advantage in that there is an initial high dose 
of cetylpyridinium chloride to the wound area 
and then after this initial dose, a slow and 
continuous treatment of the wound. 

Cetylpyridinium bromide could also be used 
to form a complex with cyclodextrin. 

It will be understood that it is intended 
to cover all changes and modifications of the 
preferred embodiments herein chosen for the 
purpose of illustration which do not constitute 
a departure from the scope of the invention 
as defined in the Claims. 
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CLAIMS 

1. A controlled release agent for 
cetylpyridinium chloride comprising a complex 
formed between a cyclodextrin and cetylpyridinium 

chloride. 

2. The controlled release agent of claim 1 

, ^ 4.^-;^ ■»<= a beta cyclodextrin. 
wherein the cyclodextrin is a beta cy 

3 The controlled release agent of claim 1 
wherein the cyclodextrin is a polymer of cyclodextrin. 

4 The controlled release agent of claim 1 
wherein the cyclodextrin • is a modified cyclodextrin. 

5. A method for making a controlled release 
ag ent for cetylpyridinium chloride comprising the 

steps of : 

(a , mixing a cyclodextrin and cetylpyridinium 
curiae together in water for a sufficient period 
of time to form a complex; 

(b) recovering said complex from water; and 

(c) drying said recovered coir.plex. 
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6 . The method of claim 5 wherein the 
cyclodextrin is a beta cyclodextrin. 

7. The method of claim 5 wherein the 
cyclodextrin is a polymer of cyclodextrin. 

5 8 . The method of claim 5 wherein the 

cyclodextrin is a modified cyclodextrin. 

9 . The method of claim 6 wherein the 
temperature is about 85»C during the mixing 

■ * «f time sufficient to form 
step and the perxod of time sui-i 

10 the complex is between about 3 to about 5 hours . 

10 The method of claim 7 wherein the 

temperature and the period of time sufficient to 
form the- complex is between about 12 to about 16 hours. 

~ „f nnim=; 5 to 10 wherein 
15 n The method of any one of Claims a "co x 

arat io of ab ou, 0.5 = 1 to -.aof^es of 
ctylwri-inl- chloride: »ol«s o £ cycloaextrin 

molecule. 
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12. A controlled release agent for cetylpyridinium 
chloride substantially as hereinbefore described with 
reference to Example 2, or Example 3. 

13. A method for making a controlled release agent 

5 for cetylpyridinium chloride substantially as .hereinbefore 
described with reference to Example 2, or Example 3. 

14. A lotion, salve, or bandage for the treatment of 
a wound or other damaged area having incorporated therein 
a controlled release agent for cetylpyridinium chloride 

10 as claimed in any one of Claims 1 to 4 and 12. 
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